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(54) Information recording apparatus using an interference device for position detection and 
positioning 



(57) This specification discloses an apparatus com- 
prising a first system for forming a composite light beam 
of two light beams to be made to interfere with each 
other, a splitting member for amplitude-splitting the 
composite light beam into three or more splitted light 
beams in the same area, and a second system for 
obtaining interference light beams of different phases 
from the plurality of splitted light beams. The specifica- 
tion also discloses an apparatus for effecting informa- 
tion recording on a hard disc drive device comprising an 
optical system for splitting a light beam into two light 
beams, causing one of the two light beams to be con- 
densed and reflected by the side of an arm for a record- 
ing reading head in the hard disc drive device, and 
superposing the condensed and reflected light beam on 
the other light beam to thereby obtain a composite light 
beam, a splitting member for amplitude-splitting the 
composite light beam into three or more splitted light 
beams in the same area, an optical member for obtain- 
ing interference light beams of different phases from the 
plurality of spirited light beams, light receiving elements 
for detecting respective ones of the interference light 
beams of different phases, a control system for effecting 
the positioning of the arm on the basis of the result of 
the detection by each of the light receiving elements. 



and signal writing-in means for writing a signal into a 
hard disc through the recording reading head each time 
the arm is positioned. 

FIG.2A 




Primed t>f Xerox (UK) Busmess Services 
2.16 7/3.6 



BNSDCCIO: <EP 0903559A2 I > 



1 



EP0S03 559 A2 



2 



E>escription 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001 ] Th^ invention relates to an int^erence device, 
a position detecting device, a positioning device and an 
infornnation recording apparatus using the same. This 
invention can be applied particularly well to a position 
detecting device for detecting the positional fluctuation 
of an object in non-contact such as an interference 
length measuring device for an rtjject like a hard disc 
drive magnetic head, a positioning device and a manu- 
facturing apparatus for a hard disc drive device (herein- 
after referred to as HDD) used in a computer utilizing 
the same, and above all, an apparatus for writing a 
servo track signal into a hard disc in the HDD. 

Related Background Art 

[0002] Rg. 1A of the accompanying drawings shows 
an illustration of an apparatus for writing a servo track 
signal into a hard disc in the HDD according to the con- 
ventional art. 

[0003] In Fig. 1A. HDD designates a hard disc drive 
device. HD denotes hard discs. SLID designates a 
slider. ARM1 denotes a magnetic head arm. VCM des- 
ignates a voice coil motor. OHD denotes the ^indle of 
the hard discs HD, and O designates the rotary shaft of 
the rragnetic head arm ARM1. 

[0004] A magnetic recording medium is deposited by 
evaporation on the surface of each hard disc. The hard 
discs HD are normally rotated as a unit at a high speed 
about the spindle OHD. and a magnetic head is dis- 
posed in proximity to the surface of each hard disc HD. 
The magnetic head is incorporated in the portion of a 
substantially rectangular parallelepiped called the slider 
SLID mounted on the tip end of each amn portion of the 
magnetic head arm ARM1 having the center of rotation 
O outside the hard discs HD, and is relatively movable 
substantially in a radial direction on the hard discs HD 
by rotatively driving the arm ARM1 by the voice coil 
motor VCM. 

[0005] Consequently, magnetic information can be 
written or read at any position (track) on the surfaces of 
the hard discs by the rotated hard discs HD and the 
arcuately moved magnetic head. 
[0006] Now, a nnagnetic recording system onto the 
surface of the hard disc is such that each hard disc is 
splitted into a plurality of circular ring-shaped tracks of 
different radii concentric with the center of rotation OHD 
of the hard discs, and further each of the circular ring- 
shaped tracks in turn is splitted into a plurality of arcs 
and finally, magnetic information is recorded and repro- 
duced on the plurality of arcuate areas time-serially 
along the circumf erential direction. 
[0007] Now. as the recent tendency, an increase in the 



recording capacity of the hard disc is required and there 
is a desire for the higher density of recorded information 
onto the hard disc. As means for the higher density of 
recorded information onto the hard disc, it is effective to 
narrow the width of the tracks splitted into concentric cir- 
cles and improve the recording density in the radial 
direction. 

[0008] The recording density in the radial direction is 
expressed by track density TP I (track/inch) per length of 
an inch, and at present it is of the order of 10000 TPI. 
This means that the track interval is about 3 \l. To form 
such a minute track pitch, it is necessary to position the 
nr^gnetic head at resolving power (0.05 \i) of atx)ut 1/50 
o1 the track width in the radial direction of the hard disc 
HD and write a servo track signal in advance into the 
hard disc. The important technique here is to succes- 
sively write servo track signals into the hard disc while 
effecting positioning of high resolving power within a 
short time. 

[0009] PROD designates a push rod, ARM2 denotes 
an arm for the push rod PROD. MO designates a posi- 
tioning control motor. RE denotes a rotary encoder for 
detecting the amount of rotation of the rotary shaft of the 
motor MO, SP designates a signal processor for analyz- 
ing the detection output firom the rotary encoder RE, 
and producing a positioning command signal to the 
servo track signal writing-in position of the magnetic 
head, and MD denotes a motor driver for driving the 
motor MO by tiie command signal of ttie signal proces- 
sor SR These togetiier form a rotary positioner RTR 
[0010] According to the conventional art, as shown in 
Fig. 1A. tiie cylindrical surface of the push rod PROD 
was pushed against the side of the magnetic head arm 
ARM1 (the arm portion for the magnetic head for the 
underside of the lowermost hard disc), and the arm 
ARM2 was rotated to ttiereby sequentially finely feed 
and position the magnetic head arm through the push 
rod PROD while taking feedtack control by the system 
of the rotary encoder RE. tiie signal processor SP and 
the motor driver MD, and servo track signals from a sig- 
nal generator SG were successively written in from the 
magnetic head. In order to ensure the contact at this 
time, some electric current was usually supplied to the 
voice coil motor VCM and the push rod PROD was also 
pushed from the head arm ARM1 side. 
[001 1 ] Recentiy, supposing more highly accurate posi- 
tioning, a non-contact method of highly accurate meas- 
uring the movement of the magnetic head arm by 
optk^al means has been desired without adopting a sys* 
tem for mechanically pushing the magnetic head arm in 
which the vibration by the rotation or the like of the hard 
disc may be transmitted to the motor MO. Fig. 1 B of the 
accompanying drawings shows an example of such an 
apparatus. 

[0012] In Rg. IB. HeNe designates a laser light 
source. Ml and M2 denote min-ors. BS designates a 
beam splitter, CO denotes a retroref lector such as a cor- 
ner cube provided on the magnetic head arm ARM1. 
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and PD designates a light receiving element. 
[0013] In this apparatus, the laser light source HeNe, 
the mirrors Ml and M2. the beam splitter BS and the rel- 
roreflector CC together constitute a MIchelson type 
interferometer, and the interference light of light beams s 
LI and 12 which have passed the retroref lector CC and 
the mirrors Ml and M2, respectively, is detected by the 
light receiving element PD to thereby obtain the posi- 
tional information of the magnetic head arm ARM1. On 
the basis of the obtained detection signal, a signal proc- io 
essor SP produces a command and controls an electric 
current flowing from a voice coil motor driver VGMD to a 
voice coil motor VGM to thereby directly move the mag- 
netic head arm and provide appropriate control. 
[0014] In such an apparatus, however, it is necessary i5 
to place the retroref lector CC such as a corner cube on 
the magnetic head arm. and this is liat^e to lead to the 
problem of troubles such as the securement of space 
and the mounting and dismounting of the retroreflector. 
and the aggravation of the control characteristic by an so 
increase in weight. 

SUMMARY OF THE INVENTION 

[001 5] In view of the above-described examples of the 25 
converttional art. the present invention has as an object 
thereof to provide a position detecting device and a 
positioning device capable of detecting the position of 
an object and position the object in non-contact at high 
reliability and with high accuracy and high resolving 3o 
power, an interference device making the same realiza- 
ble and an information recording apparatus using the 
same. 

[0016] Other objects of the present invention will 
become apparent from the fbilowing description of 35 
some embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 40 

Fig. 1 A is an illustration of a prior-art servo track 
signal writing-in apparatus using a hard disc drive 
device and a push rod. 

Fig. IB is an illustration of a prior-art servo track 45 
signal writing-in apparatus using a hard disc drive 
device and a retroreflector interference length 
measuring machine. 

Fig. 2A schematically shows the construction of a 
servo track signal writing-in apparatus according to so 
Embodiment 1 of the present invention. 
Fig. 2B is an illustration of the optical type non-con- 
tact distance sensor unit of the servo track signal 
writing-in apparatus shown in Fig. 2A. 
Fig. 3 is an illustration of the optical type non-con- ss 
tact distance sensor unit of a servo track signal writ- 
ing-in apparatus according to Embodiment 2 of the 
present invention. 



Rg. 4 schematically shows the construction of a 
servo track signal writing-in apparatus according to 
Embodiment 3 of the present invention. 
Rg. 5 is an illustration of the optical type non-con- 
tact distance sensor unit and probe holder of the 
servo track signal writing-in apparatus shown in 
Rg. 4. 

Rg. 6 is an illustration of the optical type non-con- 
tact distance sensor unit and probe holder of a 
servo track signal writing-in apparatus according to 
Errftxxliment 4 of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0018] Rg. 2 A schematically shows the construction 
of a servo track signal writing-in apparatus according to 
a first embodiment of the present invention. In Fig. 2A. 
members similar to those in the afbredescribed conven- 
tional art are given the same reference characters. 
[0019] A hard disc drive device HDD has mounted 
thereon a magnetic head arm ARM1 having a rotary 
shaft O outside a hard disc HD. dnd a slider SLID 
mounted on the tip ervJ thereof is disposed with a gap of 
0.5 fim (or less) in opposed relationship with the surface 
of the hard disc, and is arcuately moved by the rotation 
of the magnetic head arm ARM1. The rotation of the 
magnetic head arm is effected by an electric current 
being supplied to a voice coil motor VCM. 
[0020] Such an apparatus is disposed at a spatially 
proper position, as shown in Rg. 2A. relative to the hard 
disc drive device HDD comprising the hard disc HD. the 
slider SLID, the magnetic head arm ARM1. the voice 
coil motor VCM, etc. 

[0021] SG designates a signal generator for generat- 
ing a servo track signal to be written into the hard disc, 
and this servo track signal is written into the hard disc 
HD through the magnetic head of the slider SLID. 
[0022] A position detecting unit NCPU is provided on 
a support arm ARM2, and the tip end portion of an opti- 
cal probe NOP may be inserted in a slot-like opening 
(not shown) in the t^ase plate of the hard disc drive 
device HDD and is disposed near the side of the mag- 
netic head anm ARM1. The support arm ARM2 is dis- 
posed so as to be rotatably movable by a rotary shaft 
coaxial with the centa- of rotation O of the magnetic 
head arm ARM1 . The rotated positiOT of the position 
detecting unit NCPU is detected by a high resolving 
power rotary encoder RE mounted on the rotary shaft of 
the support arm ARM2, and on the basis of this detec- 
tion data, a signal processor SP1 rotatively drives a 
motor MO through a motor driver MD. By the feecfi>ack 
control of this form, the position detecting unit NCPU is 
rotatively positioned. 

[0023] The position detecting unit NCPU is comprised 
of an optical type sensor unit as will be described here- 
inafter. 

[0024] Rg. 2B is an illustration of the construction of 
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an optical system for illustrating the optical type sensor 
unit. The optical type sensor unit is comprised of a mul- 
timode laser c£ode LD, a non-polarizing beam splitter 
NBS. a probe-like polarizing prism PBS. a reference 
reflecting surface M. a quarter wavelength plate QWP. a 
light beam diameter limiting opening AP, a light beam 
amplitude splitting diffraction grating QBS. polarizing 
plates PP1-PP4. photoelectric elements PD1-PD4. etc. 
[002S] Divergent light from the muttimode laser diode 
LD is made into a loosely condensed light beam BEAM 
by a coltimator lens COU is transmitted through the 
non-polarizing beam splitter NBS, and then enters the 
probe-like polarizing prism PBS of an optical prot)e NCP 
which is formed of a light-transmitting sut>stance. and is 
splitted into each polarized component by the light split- 
ting surface of the probe-like polarizing prism PBS. The 
reflected S-polarlzed light beam is condensed and illu- 
minated near a beam waist on the side of the head arm 
ARM1 disposed in a space spaced apart by about 300 
ixm from the end surface of the probe-like polarizing 
prism PBS (here, the arm portion for the magnetic head 
for the underside of the lowermost hard disc), and the 
reflected light becomes a divergent spherical wave and 
returns along the original optical path, and is returned to 
the light splitting surface of the probe-like polarizing 
prism PBS. A P-polarized light beam transmitted 
through the probe-like polarizing prism PBS is con- 
densed and illuminated on the reflecting deposited film 
of the end surface at a position deviating from the beam 
waist (short of the beam waist), and the reflected light 
returns along the original optical path, and is returned to 
the light splitting surface of the probe-like polarizing 
prism PBS. The optical path lengths of the two optical 
paths are set so that the difference between the optical 
path lengths thereof may be within the coherent dis- 
tance of the light source, that is, the optical path lengths 
may be equal to each other. 

[0026] Specifically, for example, the shape is given as 
follows. The width of the probe-like polarizing prism 
PBS formed of glass is of the order of 2 mm. and the 
light beam reflected by the polarizing prism PBS travels 
by 1 mm through the glass and travels by 0.3 mm 
tfvough the air, and is illuminated on the head arm side 
ARM1. Consequently, the reciprocative wave motion 
optical path length L1 from the polarizing prism to the 
reflecting surface is L1 =(1 x 1.5 + 0.3) x 2 = 3.6. On the 
other hand, the light beam transmitted through the 
polarizing prism PBS travels by 1 .2 mm through the 
glass and is illuminated on the end surface of the glass. 
Consequently, the reciprocative wave motion optical 
path length L2 is L2 = (1.2 x 1.5) x 2 = 3.6. Here, the 
refractive index of the glass is 1 .5. 
[0027] Next, the condensed position (beam waist) of 
the light beam is set to a position of 0.3 mm after the 
light beams have emerged from the polarizing prism. 
Thereupon, the position of the wave source of the diver- 
gent spherical wave reflected from the head arm side 
and the reference reflecting surface looks deviated in 



the direction of the optical axis. Assuming that the inte- 
rior of the probe-like polarizing prism is looked into from 
the light source side, the condensing point (wave 
source) on the head arm skJe is seen at a position of LI ' 

5 = (1 + 0.3 X 1 .5) = 1 .45 from the splitting surface of the 
polarizing prism. The position of the divergent spherical 
wave source from the reference reflecting surface is 
seen at a position of L2' = 1 .2 x 2 - 1 .45 = 0.95 from the 
splitting surface of the polerizing prism. However, the 

10 two positions are positions seen in the glass. Conse- 
quently, it follows that the two divergent spherical wave 
sources devicrte by 0.5 mm from each other (a differ- 
ence in the imaging optical path length is created), and 
when the two light beams are superposed one upon the 

15 other, the wavefronts do not completely coincide with 
each other, and if the two polarized lights are put 
together, there will be obtained interference fringes like 
concentric circles. In that case, when the phases of the 
two wavefronts are fluctuated by the relative movement 

20 of the head arm. the interference fringes like concentric 
circles look gushing out of and inhaled into the center. 
However, these concentric circular interference fringes 
are as small as atx)ut 0.5 mm in the amount of deviation 
of the two divergent spherical waves in the direction of 

25 the optteal axis and therefore, in the central F>ortion 
thereof, there is widely obtained an interference fringe 
portion of substantially one color (the same phase). 
Consequently, an appropriate opening AP is provided 
so as to take out only the substantially one color portion, 

30 thereby taking out some light beam. After this, the inter- 
ference fringes can be handled as a sut>stantially plane 
wave. 

[0028] Now. the two light beams combined together by 
the probe-like polarizing prism PBS are linearly polar- 

35 ized lights orthogonal to each other and therefore, actu- 
ally they do not intactly interfere with each other, and 
even if they are detected, they do not become light-and- 
shade signals. The two light beams reflected by the 
non-polarizing beam splitter NBS. when transmitted 

40 through the quarter wavelength plate QWP. the linearly 
polarized lights orthogonal to each other are converted 
into circularly polarized lights of opposite directions, and 
when the vibration surfaces of the two are vector-com- 
bined, they are converted into a rotating lineariy polar- 

45 ized light by the fluctuation of the phase difference 
between the two, 

[0029] This rotating linearly polarized light passes 
through the aforementioned opening AP. whereafter it fe 
amplitude-splitted into four light beams (here ±fir5t- 

50 order diffracted lights created in each of two directions 
orthogonal to each other) by a phase diffraction grating 
having staggered grating structure (i.e.. a phase diffrac- 
tion grating having diffracting action in each of two direc- 
tions orthogonal to each other). All of these light beams 

55 have their natures such as shape, intensity irregularity 
and defect entirely equally splitted by the amplitude divi- 
sion from the same area and therefore, even if for some 
reason or other, the interference fringes become not 
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one color or are reduced in contrast the influences 
thereof will all become equal. Particularly, the reflected 
light from the head arm side has its wavefront disturbed 
by minute uneven structure and has intensity irregularity 
created strongly but the ways of disturt>ance of the 5 
wavefronts and the states of intensity irregularity of the 
four light beams become equal. The phase diffraction 
grating is designed to avoid the aeation of O-order light 
to the utmost. 

[0030] The light beams splitted into four are transmit- 10 
ted through polarizing plates (analyzers) disposed with 
their polarization azimuths deviated by 45° from each 
other, whereby it is converted into interference ligfit in 
which the timing of light and shade deviates by SO"" in 
terms of phase. The reductions in contrast k^y the influ- is 
ences of the disturt>ance of the wavefront and the inten- 
sity irregularity are all equally influenced. The light 
beams of fight and shade are received by respective 
light receiving elements PD1. PD2, PD3 and PD4. 
[0031 ] The signals of the light receiving elements PD1 20 
and PD2 having a phase difference of ISO"" therebe- 
tween are differentially detected, whereby a DC compo- 
nent (in which is contained a reduction in contrast or the 
like by the disturbance or the like of the wavefront) is 
substantially removed. This is an A phase signal. Like- 25 
wise, the signals of the light receiving elements PD3 
and PD4 having a phase difference of 180** therebe- 
tween are differentially detected, and a DC component 
is substantially removed. This is a B phase signal. The 
A and B phase signals have a phase difference of 90*^ 30 
therebetween, and the Ussajous waveform observed by 
an osdlloscope becomes circular. The amplitude of the 
Ussajous waveform (the size of the circle) fluctuates by 
the minute unevenness of tiie head arm side, but the 
central position thereof does not fluctuate. Conse- 35 
quentiy. no error is not essentially created in the phase 
detection (measurement of the relative distance). Spe- 
cifically these A and B phase signals have the value of 
their DC component O binarized as a threshold value by 
a binarizing circuit, not shown, but even if an amplitude 40 
fluctuation occurs to the original A and B phase signals, 
the DC component remains O and does not fluctuate 
and therefore, no fluctuation occurs to the phase of the 
binarized signal and consequentiy. by the use of this 
binarized signal of which the phase has been stabilized, 45 
highly accurate position detection can be executed by 
the signal processor SP2. 

[0032] Also, by the light being condensed and illumi- 
nated on the head arm side, tfie influence of the fluctu- 
ation (one-color deviation) of the interference state by so 
the relative angle deviation (alignment deviation) of the 
head arm side is avoided. That is. by being condensed 
and illuminated, even if there is alignment deviation, the 
main emergence azimuth of the divergent spherical 
wave only somewhat deviates and the eclipse of the ss 
spherical wave itself is avoided and also, the overlap- 
ping state of the wavefronts of two divergent spherical 
waves does not change and therefore, an interference 



state is stat^y obtained. Consequently, the present posi- 
tion detecting sensor operates as an interference type 
position detecting sensor which does not require the 
acQustment of the head arm side and the illuminating 
light beam and which is very easy to handle. 
[0033] Also, although the illuminating position devia- 
tion (parallel deviation) is not concemed with the phase 
deviation of the divergent spherical wave, it becomes 
the fluctuation of the amplitude of the interference signal 
due to a change in the minute uneven state of the head 
arm conforming to the illuminating position. However, 
the central position of the Ussajous waveform does not 
fluctuate and therefore, no error is not essentially cre- 
ated In the phase detection. 

[0034] The positional relation between the head arm 
and the position detecting sensor is such that both of 
them are rotatively moved about rotary shafts coaxial 
with each other and they do not deviate from each other 
as long as the distance between the two is kept con- 
stant. However, realistically there can be no completely 
coaxial shafts and therefore, by a shaft deviation error, 
there occurs a relative positional relation (angular devi- 
ation and parallel deviation) during the rotation of the 
two. However, as described above, no proNem essen- 
tially arises even if alignment deviation or parallel devia- 
tion occurs. 

[0035] The signal to finally be detected has its princi- 
ples based on the interference measured length by the 
redprocative optical patii and therefore is a sine wave- 
like signal having a half of the wavelength of the light 
source as its period. When a laser diode of a wave- 
length 0.78 ^rri is used, there is obtained a sine wave 
signal having a period of 0.39 ^m (i.e.. a sine wave each 
time the spacing between the side of tiie head arm 
ARM1 and the optical probe NCP varies by 0.39 ^m), 
and the fluctijation of the relative distance can be 
detected by counting the wave number. Further, two 
phases (A and B phases) of sine wave signals having a 
phase difference of 90** therebetween are obtained in 
the aforedescribed manner and therefore, by counting 
tiie signals after electrically splitting the signal by a well 
known electrical phase splitting device, the relative posi- 
tion deviation of more minute resolving power can be 
detected. If the signal is electrically splitted into 4096 
pieces, the relative position deviation can be detected 
up to minimum 0.095 mm. 

[0036] The signal processor SP2 supplies a control 
current to a head arm driving motor (voice coil) VCM 
through a motor driver VCMD so that the relative posi- 
tion deviation detected in this manner may become 
zero. By doing so. for example, by the atxive-mentioned 
wavelength, the position of the magnetic head arm 
ARM1 relative to the optical probe NCP can be stably 
held (apply servo) at the order of several times as great 
as ±0.095 nm. 

[0037] On the other hand, if use is made of a highly 
accurate rotary positioner RTP containing therein a 
rotary encoder RE producing a signal of 81000 sine 
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waves/rotation as a specif ic numerical value, and capa* 
ble of splitting it into 2048 and positioning them, an opti- 
ca\ probe NOP as a position detecting sensor mounted 
near the side of the head arm having a racfius of 30 mm 
can be positioned with resolving power several times as 
great as ±1.4 nm. 

[0038] Since the stabilization of the relative position of 
the position detecting sensor itself is atx>ut several 
times as great as ±0.095 nm as described at>ove. the 
positioning resolving power of the two as combined 
together is at the level of the performance of the highly 
accurate rotary positioner itself. 

[0039] By adding the servo for keeping the relative 
position of the end surface of the head arm constant 
through the position detecting sensor to the highly accu- 
rate rotary positioner as described above, stable posi- 
tioning accuracy can be provided without any 
disturbance such as the vibration as by the rotation of 
the hard disc transmitted to the highly accurate posi- 
tioner through the head arm ARM1 . As regards the writ- 
ing-in of signals, the arm ARM2 is rotated by the motor 
MO to thereby move the optical probe NCP while taking 
feedback control by the system of the rotary encoder 
RE. the signal processor SP and the motor driver MD. 
and the magnetic head arm ARM1 is displaced by the 
system of the signal processor SP2. the motor driver 
VCMD and the head arm driving motor VCM so as to 
negate the displacement at this time, to thereby p)Osition 
the magnetic head arm while sequentially finely feeding 
it. and servo track signals from the signal generator SG 
are successively written in from the magnetic head. 
[0040] The interference between the reflected light 
beam from the side of the head arm and the reflected 
light beam from the reference reflecting surface is 
obtained within the coherence distance of the light 
source. A single-mode laser diode has a long coher- 
ence distance, but may sometimes cause mode hop to 
give rise to a phenomenon that the interference phase 
hops and therefore, in the present embodiment, a multi- 
mode laser is used and the optical path lengths are 
made substantially equal, and the muttimode laser is 
used at an optical path length difference less tfian the 
coherence distance. As a specific example of numerical 
values, the central wavelength XO of the light source is X 
= 780 nm. and the full width of a half value of the multi- 
mode spectrum envelope is AX = 6 nm. and generally 
the full width of the coho'ence distance is given by split- 
ting the square of XX) by AX and therefore is about ± 50 
^m centering arourxl the equal optical path length. 
[0041] Also, the laser dkxie generally has its wave- 
length fluctuated by the fluctuation of the ambient tem- 
perature. Taking a laser diode of a centra) wavelength 
780 nm and a temperature coefficient 0.66 nnV^C as an 
example, when the optical path length difference AL is 
AL = 50 ^m. the deviation of a measured value by the 
temperature fluctuation of 1°C is of the order of ±5 nm. 
[0042] If the distance is kept constant near a coherent 
peak, the optical path length difference can be realized 



at ±10 pm and the measurement enror in that case is ±1 
nm. This value is sufficient accuracy as a servo track 
writer. 

[0043] Also, a laser interference length measurir^ 
5 apparatus is not stable in its signal output due to fluctu- 
ation or the like when the optical paths thereof are gen- 
erally separate and constructed whQe t)eing exposed in 
the air. In the present emlxxliment. however, most of the 
interference optical path is a common optical path and 
10 is s^3arated into two optical paths near the tip end of 
the probe-like polarizing prism, but is minute and in a 
glass medium and is constructed so that the influence 
of fluctuation or the like may become very small. 
[0044] The main effects of the above-described 
IS Emixxfiment 1 will be mentioned below. 

1. Since the side of the head arm can be position- 
measured completely in non -contact, the resolving 
power, accuracy and stability of servo writing are 

20 improved. 

2. Since laser interference length measurement is 
the principle, resolving power and accuracy are 
very high. 

3. Since the minute uneven surface of the side of 
25 the head arm is directly measured, flexibility is high 

and any special optical element or the like need not 
be added to the hard disc side. 

4. Since the bad influence of the alignment devia- 
tion t:»etween the side of the head arm and the illu- 

30 minating fight beam upon the measuring system is 
small, the positioning adjustment accompanying 
mounting, dismounting and interchange is easy and 
the servo writing work onto the hard disc can be 
effected efficiently. 

35 5. Since an equal optical path length interference 
system is utilized, relatively high accuracy is 
ensured even under temperature fluctuation. 
6. Since most of the interference optical path is a 
common optical path and most of the optical path 

40 after splitted is in glass, the reduction in accuracy 
by environmental fluctuations is small. 

[0045] Fig. 3 is an illustration of the construction of an 
optical system accofding to Embodiment 2 in which the 

45 probe-like polarizing prism has been changed in shape 
to cope with a case where the side of the head arm is 
proximate to the surface of the hard disc. In the other 
points, the construction of EmkxxJiment 2 is similar to 
that of Embodiment 1 and therefore need not be shown 

so and described. 

[0046] In the present emt>odiment. a parallel glass 
plate G with reflecting film is joined to that portion of the 
probe-like polarizing prism PBS which is immediately 
behind the splitted suriace thereof, and a P-polarized 

55 light beam transmitted through the splitted surface of 
the probe-like polarizing prism PBS is reflected by 
reflecting film Ml. and is again transmitted through the 
polarizing film and impinges on peulial reflecting film M2 
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provided on the side of the optical probe NOP. and 
returns along the original optical path. An SiX)larized 
light beam reflected by the splitted surface of the probe- 
like polarizing prism PBS goes out of the optical probe 
NOP as in the aforedescribed embodiment and is con- 
densed and IDumlnated on the side of the head arm 
ARM1, and the reflected light thereof returns along the 
original optical path. 

[0047] By adopting this construction, the distance 
(see Fig. 2A) between the tip end of the optical probe 
NOP and the underside of the lowermost hard disc HD 
can be widened, and measurement also becomes pos- 
sible on the side of a magnetic head arm of a type in 
which the magnetic head arm Is proximate to the sur- 
face of the hard disc. It will be most effective if as shown 
in Fig. 3. the end portion of tiie parallel glass plate G is 
worked into 45**. 

[0048] Fig. 4 schematically shows the construction of 
a servo track signal writing-in apparatus according to 
Embodiment 3 of the present invention. In Fig. 4, mem- 
bers similar to those in the aforedescribed embodi- 
ments are given the same reference characters. 
Although partiy repeated, the present embodiment will 
hereinafter be described in detail. 
[CMS] A hard disc drive device HOD has mounted 
thereon a magnetic head arm ARM1 having a rotary 
shaft O outside hard discs HD. and a slider SLID 
mounted on tiie tip end thereof is disposed with a gap of 
0.5 ^m (or less) in opposed relationship with the surface 
of the hard discs, and is arcuately moved by the rotation 
of the magnetic head arm ARM1. The rotation is 
effected by an electric currerrt being supplied to a voice 
coil nrKDtor VCM. 

[0050] Such an apparatus is disposed at a spatially 
proper position as shown in Fig. 4 relative to tfie hard 
disc drive device HDD comprising the hard discs HD. 
the slider SLID, the magnetic head arm ARM1 . the voice 
coil motor VCM, etc. 

[0051 ] SG designates a signal generator for generat- 
ing servo track signals to be written into the hard discs, 
and the servo track signals are written into the hard 
discs HD through the magnetic head of the slider SLID. 
[0052] A position detecting unit NCPU is provided on 
a support arm ARM2. and the tip end portion of an opti- 
cal prol^ NCR is inserted in the slot-like opening (not 
shown) of the base plate of the hard disc drive device 
HDD and is disposed near the side of the magnetic 
head arm ARM1. The support arm ARM2 is disposed 
so as to be rotatively movat>le by a rotary shaft coaxial 
with the center of rotation O of the magnetic head arm 
ARM1. The rotated position of the position detecting 
unit NCPU is detected by a high resolving power rotary 
encoder RE mounted on the rotary shaft of the support 
arm ARM2. and on the basis of this detection data, a 
signal processor SP1 rotatively drives a motor MO 
through a motor driver MD. The position detecting sen- 
sor unit NCPU is rotatively positioned by this form of 
feedback control. 



[0053] The position detecting unit NCPU is comprised 
of an optical type sensor unit as will heranafter be 
described. 

[0054] Fig. 5 is an illustration of the construction of an 
5 optical system for illustrating the optical type sensor 
unit. The optical type sensor unit is comprised of a mul- 
timode laser diode LD, a non-polarizing beam splitter 
NBS, a probe-like polarizing prism PBS. a probe hokjer 
PHD. a reference reflecting surface M. a quarter wave- 
10 length plate QWP, a light beam diameter limiting open- 
ing AP. a light beam amplitude splitting diffraction 
grating GBS. polarizing plates PP1-PP4. photoelectric 
elements PD1-PD4. etc. 

[0055] Divergent light from the multimode laser diode 
15 LD is made into a loose condensed light beam BEAM by 
a collimator lens COL. and is transmitted through the 
non-polarizing beam splitter NBS and then impinges on 
the probe-like polarizing prism PBS of the optical probe 
NCP which is formed of a light transmitting substance. 
20 and is splitted into each polarized component by the 
light splitting surface of the probe-like polarizing prism 
PBS. A reflected S-polarized light beam is condensed 
and illuminated near the beam waist on the side of the 
head arm ARM1 (here, the arm portion for the magnetic 
25 head for tiie underside of the lowermost hard disc) dis- 
posed in a space spaced apart by about 300 jim from 
the end surface of the probe-like polarizing prism PBS. 
and the reflected light becomes a divergent spherical 
wave and returns along tiie original optical path, and is 
30 returned to the light splitting surface of the probe-like 
polarizing prism PBS. A P-polarized light beam ti-ans- 
mitted through the probe-like polarizing prism PBS is 
condensed and illuminated at a position deviating from 
the k>eam waist (a state short of the beam waist) on the 
35 reflecting deposited film of the end surface, and the 
reflected light returns along the original optical path and 
is returned to the light splitting surface of the probe-like 
polarizing prism PBS. The respective optical path 
lengtfis of tiie two optical paths are set so that the opti- 
40 cal path length difference therebetween may be within 
the coherence distance of the light source, that is. tiie 
optical path lengths may be substantially equal to each 
other. 

[0056] Specifically, for example, the shape is given as 
45 follows. The width of the probe-like polarizing prism 
PBS formed of glass is of the order of 2 mm, and the 
light beam reflected by the polarizing prism PBS travels 
by 1 mm through tiie glass and ti-avels by 0.3 mm 
through the air. and is illuminated on the head arm side 
50 ARM1. Consequentiy. the redprocative wave motion 
optical path length LI from the polarizing prism to the 
reflecting surfeice is LI = (1 x 1 .5 -i- 0.3) x 2 = 3.6. On the 
other hand, the light beam transmitted through the 
polarizing prism PBS ti-avels by 1,2 mm tfirough the 
55 glass, and is illuminated on the end surface of the glass. 
Consequentiy. tiie reciprocative wave motion optical 
path lengtt) L2 is L2 = (1.2 x 1.5) x 2 3.6. So. the 
refractive index of the glass was 1 .5. 
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[0057] Next the condensed position (beam waist) of 
the light beam is set to a position of 0.3 mm after the 
light beam has emerged from the polarizing prism. 
Thereupon, the position of the wave source of a diver- 
gent spherical wave reflected from the head arm side 
and the reference reflecting surface looks deviated in 
the direction of the optical axis. Assuming that the inte- 
rior of the probe^ike polarizing prism is looked into from 
the light source side, the condensing point (wave 
source) on the head arm side is seen at a position of LV 
= (1 + 0-3 X 1 .5) = 1 .45 from the splitting surface of the 
polarizing prism. The position of the divergent spherical 
wave source from the reference reflecting surface is 
seen at a position of L.2' = 1.2 x 2 - 1 .45 = 0.95 from the 
splitting surface of the polarizing prism. However, the 
both positions are positions seen in the glass. Conse- 
quently, the two divergent spherical wave sources devi* 
ate by 0.5 mm from each other in the glass (an innaging 
optical path length difference is created), and when the 
two light beams are superposed one upon the other, the 
wavefronts do not completely coincide with each other, 
and if the two polarized lights are put together, there will 
be obtained concentric circular interference fringes. In 
that case, when the phases of the wavefronts of the two 
are fluctuated by the relative nrovement of the head 
arm. the concentric circular interference fringes look 
gushing out of or inhaled into the center. However, as 
regards these concentric circular interference fringes, 
an interference fringe portion of substantially one color 
(the same phase) is widely obtained because the 
amount of deviation between the two divergent spheri- 
cal waves in the direction of the optical axis is as small 
as about 0.5 mm. Consequently, an appropriate open- 
ing AP is provided so as to take out only the substan- 
tially one color portion to thereby take out some of the 
light beam. Thereafter, it can be handled as a substan- 
tially plane wave. 

[0058] Now, the two light beams contained together by 
the probe-like polarizing prism PBS are linearly polar- 
ized lights orthogonal to each other and therefore, actu- 
ally they do not intactly interfere with each other, and 
even if they are detected, they do not become light and 
shade signals. The two light beams reflected by the 
non-polarizing beam splitter NBS. when transmitted 
through the quarter wavelength plate QWP, are con- 
verted from linearly polarized lights orthogonal to each 
other into circularly polarized lights of opposite direc- 
tions, and when the vibration surfaces of the two are 
vector-combined, they are converted into a linearly 
polarized light rotated by the fluctuation of tiie phase dif- 
ference between the two. 

[0059] This rotated linearly polarized light passes 
through the aforementioned opening AP. whereafter it is 
amplitude-splitted into four light beams (here ±first- 
order diffracted lights created in each of two directions 
orthogonal to each other) by a phase diffraction grating 
having staggered grating structure (i.e.. a phase diffrac- 
tion grating having diffracting action in each of two direc- 



tions orthogonal to each other). By the amplitude 
division from tiie same area, any of the light beams b 
splitted entirely equally in its natures such as shape, 
intensity irregularity and defect and therefore, even if the 

5 interference fringes become not one color or are 
reduced in contrast for some reason or other, the influ- 
ences tiiereof all become equal. Particularly, the 
reflected light from the head arm side has its wavefront 
disturbed by minute uneven structure and intensity 

70 inegularity occurs strongly, txrt the ways of disturt>ance 
and the states of intensity irregularity of the wavefronts 
of the four light beams eu-e equal. The phase diffraction 
grating is designed to avoid the creation of O-order light 
to the utmost at the same time. 

75 [0060] The light beams splitted into four are transmit- 
ted through polarizing plates (analyzers) having their 
polarization azimuths disposed with a deviation of 45* 
with respect to one another, whereby it is converted into 
interference lights in which the timing of light and shade 

20 deviates by 90* in terms of phase. The reductions in 
contrast by the influences of the distuft>ance of the 
wavefront and the intensity irregularity are all equally 
influenced. The respective light and shade light beams 
are received by the respective light receiving elements 

25 PD1 . PD2. PD3 and PD4. 

[0061 ] The signals of the light receiving elements PD1 
and PD2 having a phase difference of 180* therebe- 
tween are differentially detected. wher*y a DC compo- 
nent (including a contrast reduction by the disturbance 

30 or the like of the wavefront) is substantially eliminated. 
This is an A phase signal. Likewise, the signals of the 
light receiving elements PD3 and PD4 having a phase 
difference of 180* therebetween are differentially 
detected, whereby a DC component is substantially 

35 removed. This is a B phase signal. The A and B phase 
signals have a phase difference of 90* therebetween, 
and the Lissajous waveform observed by means of an 
oscilloscope becomes circular. The amplitude of the Lis- 
sajous waveform (the size of the circle) is f luauated by 

40 the minute unevenness of the head arm side, but Hs 
central position is not fluctuated. Consequently, essen- 
tially no error occurs to the phase detection (the meas- 
urement of the relative distance). Specifically, these A 
and B phase signals have the value of ttieir DC compo- 

46 nent 0 binarized as a threshold level by a binarizing cir- 
cuit, not shown, but even if an amplitude flurtuation 
occurs to the original A and B phase signals, tiie DC 
component remains 0 and is not fluctuated and there- 
fore, no fluctuation occurs to the phase of tiie binarized 

so signal and consequently, by the use of this binarized 
signal stable in phase, highly accurate position detec- 
tion can be executed by the signal processor SP2. 
[0062] Also, the light is condensed and illuminated on 
the head arm side to thereby avoid the influence of the 

55 fluctuation (one-color deviation) of the interference state 
by the relative angle deviation (alignment deviation) of 
tine head arm skJe. That is, by the light being condensed 
and illuminated, even if there is alignment deviation, the 
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main emergence azimuth of the divergent spherical 
wave only somewhat deviates and the ecl9)se of the 
spherical wave itseK is avoided, and also the overlap- 
ping state of the wavefronts of the two divergent spheri- 
cal waves does not change and therefore, the 
interference state is ot>tained stately. Consequently, the 
sensor operates as an interference type position detect- 
ing sensor in which the adjustment of the head arm side 
and the illuminating light beam is unnecessary and 
which is very easy to handle. 

[00S3] Also, the illuminating position deviation (paral- 
lel deviation) is not concerned in the phase deviation of 
the cfivergent spherical wave, but becomes the fluctua- 
tion of the interference signal amplitude due to a minute 
change in the uneven state of the head arm conforming 
to the illuminating position. However, the central posi- 
tion of the Ussajous waveform does not fluctuate and 
therefore, essentially no error occurs to the phase 
detection. 

[0064] The positional relation between the head arm 
and the position detecting sensor does not deviate as 
long as they are rotatively moved about the rotational 
axes thereof coaxial with each other and the distance 
between the two is kept constant. Realistically, however, 
the two axes cannot be conrpletely coaxial with each 
other and therefore, due to an axis deviation error, the 
relative positional relation causes angular deviation and 
parallel deviation when the two are being rotated. How- 
ever, as described above, essentially no problem will 
arise even if alignment deviation and parallel deviation 
occur. 

[0065] The finally detected signal has its principle 
based on the interference measured length by the recip- 
rocative optical path and therefore is a sine wave-like 
signal having a half of the wavelength of the light source 
as its period. When a laser diode of a wavelength 0.78 
^m is used, th^e is obtained a sine wave signal having 
a period of 0.39 ^m (i.e., a sine wave each time the 
spacing between the side of the head arm ARMI and 
the optical probe NOP changes by 0.39 ^m), and by 
counting the wave number, the fluctuation of the relative 
distance can be detected. Further, sine wave signals 
having a phase difference of 90° therebetween are 
obtained in two phases (A and B phases) in the aforede- 
scribed manner and therefore, by electrically splitting 
the signals by a well known electrical phase splitting 
device and thereafter counting them, relative positiortal 
deviation of finer resolving power can be detected, tf the 
signals are electrically splitted into 4096 pieces, the rel- 
ative positional deviation can be detected mP to mini- 
mum 0.095 nm. 

[0086] The signal processor SP2 supplies a control 
current to the head arm driving motor (voice coil) VCM 
through the motor driver VCMD so that the relative posi- 
tional deviation detected in this manner may become 
zero. By doing sa for example, in the above-mentioned 
wavelength, the position of the magnetic head arm 
ARMI relative to the optical probe NOP can be held 



(sen/0 can be applied) stably at about several times as 
great as ±0.095 nm. 

[0067] On ttie other hand, if use is made of a highly 
accurate rotary positioner RTF containing therein a 

5 rotary encoder RE producing a signal of 8100 sine 
waves/dotation as a specific numericeil value and capa- 
ble of splitting it into 2048 and positioning them, the opti- 
cal probe NCR as a position detecting sensor mounted 
near the head arm side of a radius 30 mm can be posi- 

10 tioned with resolving power several times as great as 
±1 .4 nm. 

[0068] The stabilization of the relative position of tiie 
position detecting sensor itself is at about several times 
as great as ±0.095 nm as described above and there- 
is fore, the positioning resolving power resulting from the 
two having been put togethe- becomes about equal to 
the performance of the highly accurate rotary positioner 
itself. 

[0069] By servo for keeping the relative position of the 

20 end surface of the head arm constant being added to 
the highly accurate rotary positioner through the posi- 
tion detecting sensor, as described above, stable posi- 
tioning accuracy can be obtained without any 
disturbance such as the vibration by the rotation or the 

25 like of the hard disc being ti-ansmitted to the highly accu- 
rate positioner through the head arm ARM1. The writ- 
ing-in of signals is done by rotating the arm ARM2 by 
the motor MO to thereby move the optical probe NOP 
while taking feedback comrol by the system of the rotary 

30 encoder RE, the signal processor SP and the motor 
driver MD, and displacing tfie magnetic head arm ARMI 
by tfie system of the signal processor SP2. the motor 
driver VCMD and the head arm driving motor VCM so 
as to negate the displacement at this time to tiiereby 

35 position the magnetic head arm while sequentially 
minutely feeding it. and writing the servo track signals 
from the signal generator SG in succession by the mag- 
netic head. 

[0070] The interference between the reflected light 

40 beam from the head arm side and the reflected light 
l>eam from tiie reference reflecting surface is obtained 
within the coherence distance of the light source. A sin- 
gle mode laser diode has a long coherence distance but 
may cause mode hop and in some cases, the phenom- 

45 enon of the interference phase tho-eof flying may hap- 
pen and therefore, in the present embodiment, a 
multimode laser is used to make the optical path lengths 
substantially equal, and is used at an optical patii length 
difference less than the coherence distance. As a spe- 

so dfic example of numerical values, assuming that the 
central wavelength XO of tiie light source is XO s 780 nm 
and the multimode spectrum envelope half value full 
widtii is AX s 6 nm, generally the full width of the coher- 
ence distance is given by the square of XO having been 

55 splitted by AX and therefore, is about ±50 nm centering 
around the equal optical path lengths. 
[0071] Also, the laser diode is generally fluctuated in 
wavelength by the fluctuation of the ambient tempera- 
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ture. Taking a laser diode having a central wavelength 
780 nm and a temperature coefficient 0.06 nm/^C as an 
example, when the c^tical path length difference is AL = 
50 |im. the deviation of the measured value by a tem- 
perature fluctuation of 1 **C is of the order of ±5 nm. 5 
[0072] If the distance is kept constant near the peak of 
coherency, an optical path length difference of ±10 Mm 
can be realized, and the measurement error in that case 
is ±1 nm. This value is sufficient accuracy as a servo 
track writer. 

[0073] Also, when a laser interference length measur- 
ing apparatus is generally constructed with optical paths 
separated and exposed in the air, the signal output 
thereof is not statsle due to fluctuation or the like. In the 
present embodiment, however, most of the interference 
optical paths is a common optical path, and eUthough 
the common optical path is separated into two optical 
paths near the tip end of the prolDe-like polarizing prism, 
it is minute and within a glass medium, and design is 
made such that the influence of fluctuation or the like 
becomes very small. 

[0074] Here, the probe-like polarizing prism PBS is 
joined to a probe holder PHD and is fixed onto the rotary 
positioner arm ARM2 with the position detecting device 
body. 

[0075] The probe holder PHD is inserted in a portion 
of a cylindrical metallic member which is hollowed, and 
is adhesively secured in such a manner that the paral- 
lelopiped-like polarizing prism PBS is sandwiched from 
its opposite sides by a structure of a D-shaped cross- 
section. A hole extends like a tunnel through a portion of 
the pedestal of the probe holder PHD through which the 
light passes. The light beam emergence side end sur- 
face of the member of the substantially D-shaped cross- 
section of the probe holder PHD is so shaped and dis- 
posed as to fly out of the light beam emergence surface 
of the polarizing prism PBS by the order of 100 nm as a 
specific example of numerical value. 
[0076] When as previously described, the spacing 
between the light beam emergence surface of the polar- 
izing prism PBS and the side of the head arm ARM1 
satisfies the range of the order of 0.3 mm ± 0.05, a peri- 
odic signal of 1/2 of the wavelength of the light source is 
obtained in conformity with that spacing, but when the 
position detecting device and the head arm are dis- 
posed in a space at first the relative positional relation 
therebetween is indefinite, and the distance between 
the light beam emergence surface of the polarizing 
prism PBS and the side of the head arm ARM1 must be 
set by some means so as to satisfy the range of the 
order of 0.3 mm ± 0.05. At that time, a case where the 
two contact with each other is also supposed. However, 
by adopting the probe holda* PHD of holding guide 
structure like that of the present ent>odiment the 
probe-like polarizing prism PBS itself which is an optical 
member can be prevented from contacting and being 
damaged and creating positional deviation. 
[0077] Also, the probe holder can be made very small 



and therefore can be made into a size equal to that of 
the push rod (PROD) of the servo track signal writing-in 
apparatus of the conventional art push rod type. 
[0078] The main effects of the above-described 
Embodiment 3 will be mentioned below. 

1. The head arm side can be position-measured 
completely in non-contact, and even if the head arm 
side should contact, the optical member does not 
contact and is not damaged and therefore, the 
resolving power, accuracy, stability and safety of 
servo writing are improved. Particularly, when the 
head arm side contacts, it contacts at its two D- 
shaped end portions and therefore, the strength 
thereof can be kept Also, the glass polarizing prism 
PBS is held from its opposite sides through an 
adhesive agent and therefore, even if stress such 
as heat or vdDration is applied thereto, it is difficult 
for such a force that will bend the glass polarizing 
prism to act. and safety is ensured. 

2. The laser interference length measurement is the 
principle and therefore, the resolving power and 
accuracy are very high. 

3. The minute uneven surface of the head arm side 
is directly measured and therefore, flexibility is high 
and any special optical element or the like need not 
be added to the hard disc side. 

4. The bad irrfluence of the alignment deviation 
between the head arm side and the illuminating 
light beam upon the measuring system is small and 
therefore, positioning adjustment accompanying 
mounting, dismounting and interchange is easy, 
and the servo writing work onto the hard disc can 
be effected efficiently 

5. The equal optical path length interference sys- 
tem is utilized and therefore, relatively high accu- 
racy is ensured even under temperature 
fluctuations. 

6. Most of the interference optical paths is a com- 
mon optical path and most of the optical paths after 
splitted is within glass and therefore, the reduction 
in accuracy by environmental fluctuations is small. 

[0079] Fig. 6 is an illustration of the construction of an 
optical system according to Embodimern 4 in which the 
probe-like polarizing prism holder PHD has t>een 
changed in shape In the other points, the construction of 
this emt>odiment is similar to that of the aforedescribed 
Emtx)diment 1 and therefore need not be shown and 
described. 

[0080] In the preseit embodiment the D-shaped hold- 
ing portions are singularized and the contacting portion 
is made into a cylindrical surface. By adopting such con- 
struction, even if there is more or less alignment devia- 
tion between the optical probe-like polarizing prism 
holder PHD and the surface of the hard disc HD, the 
contact position will become constant and the reproduc- 
ibility of the initial position can be made splendid. 
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[0081 ] This specif icatbn discloses an apparatus com- 
prising a first system for forming a composite fight beam 
of two light beams to be made to interfere with each 
other, a splitting merrber for amplitude-splitting tiie 
composite light beam into three or more splitted light s 
beams in the same area, and a second system for 
obtaining interference light beams of different phases 
from the pluralrty of splitted light beams. The specifica- 
tion also discloses an apparatus iar effecting informa- 
tion recording on a hard disc drive device comprising an w 
optical system for splitting a light beam into two light 
beams, causing one of the two light beams to be con- 
densed and r^lected by the side of an arm for a record- 
ing reading head in the hard disc drive device, and 
superposing the corxlensed and reflected light beam on 75 
the other light beam to tiiereby obtain a composite light 
beam, a splitting member for amplitude-splitting the 
composite light beam into three or more splitted light 
beams in the same area, an optical member for obtain- 
ing interference light beams of different phases from the 20 
plurality of splitted light beams, light receiving elements 
for detecting respective ones of the interference light 
beams of different phases, a control system for effecting 
the positioning of the arm on the basis of the result of 
the detection by each of the light receiving elements, 2s 
and signal writing-in means for writing a signal into a 
hard disc through the recording reading head each time 
the arm is positioned. 



Claims 30 

1 . An interference device comprising: 

a light transmitting member; 
an optical system for splitting a convergent light 35 
beam in said light transmitting member, recip- 
rocating one of said splitted light beams along 
a first route between a splitting position and a 
predetermined plane lying in the space outside 
sard light transmitting member in a form of 40 
roughly condensing it on said plane, and recip- 
rocating the other of said splitted light beams 
along a second route of an optical path length 
substantially equal to that of said first route, 
and combining the splitted light beams after 45 
said reciprocation; and 

a selecting member for area-selecting a part of 
said combined light beam, an interference sig- 
nal being obtained from a part of the combined 
light beam selected by said selecting member, so 

2. A device according to Claim 1 . further comprising a 
splitting member for amplitude-splitting said 
selected part of the combined light beam in the 
same area to thereby obtain a plurality of splitted 55 
light beams, and sorting means for obtaining inter- 
ference light beams of different phases from said 
plurality of splitted light beams. 



3. A device according to Claim 1 or 2, wherein said 
predetermined plane is a plane on an object of 
which the displacement is to be measured, and said 
device further comprises a detecting portion for 
detecting the part of the comtsined light beam 
selected by said selecting member, and the relative 
displacement information between said device and 
the object having said predetermined plane is 
obtained by the detection by said detecting portion. 

4- A device according to Claim 1 or 2. wherein said 
optical system executes the division of the conver- 
gent light beam by a polarizing beam-splitting ele- 
ment, and said device further comprises a quarter 
wavelength plate disposed in the optical path of 
travel of said combined light beam. 

5. A device according to Claim 2. wherein said sorting 
means has polarizing plates disposed in the optical 
paths of travel of the plurality of splitted light beams 
with the azimuths thereof deviated from each other. 

6. A device according to Claim 2 or 5. wherein said 
splitting member has a diffraction grating. 

7. The device of any accorcfing to Claims 1 to 5, 
wherein the otiier of said splitted light beams is 
reflected by a reference reflecting surface provided 
on said light transmitting member 

8. A device according to Claim 5, further comprising 
light receiving elements for detecting respective 
ones of said interference light beams, and wherein 
the relative displacement information between said 
device and said predetermined plane is obtained by 
the detection by respective ones of said light receiv- 
ing elements. 

9. A device according to Claim 1. further comprising 
detecting means for detecting said combined light 
beam, and control means for effecting the position- 
ing of an object having said predetermined plane on 
the basis of the result of the detection by said 
detecting means. 

10. A device according to Cleum 9. wherein said object 
is an arm for a recording reading head in a hard 
disc drive device, and said predetermined plane is 
the side of said arm. 

11. A device according to Claim 10, wherein said con- 
trol means effects control for keeping the spacing 
between said arm and said optical system con- 
stant, and displaces said optical system in conform- 
ity with a position on said hard disc to be recorded. 

12. A device according to Claim 10, further conrprising 
means for writing a servo track signal into said hard 
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cfisc through said recording reading head, and 
wherein said writing-in is executed each time said 
arm is positioned by said control means. 
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(57) This specification discloses an apparatus com- 
prising a first system for fomriing a composite light beam 
of two light beams to be made to interfere with each 
other, a splitting member for amplitude-splitting the 
composite light beam into three or more splitted light 
beams in the same area, and a second system for 
obtaining interference light beams of different phases 
from the plurality of splitted light beams. The specifica- 
tion also discloses an apparatus for effecting infomia- 
tion recording on a hard disc drive device comprising an 
optical system for splitting a light beam into two light 
beams, causing one of the two light beams to be con- 
densed and reflected by the side of an arm for a record- 
ing reading head in the hard disc drive device, and 
superposing the condensed and reflected light beam on 
the other light beam to thereby obtain a composite light 
beam, a splitting member for amplitude-splitting the 
composite light beam into three or more splitted light 
beams in the same area, an optical member for obtain- 
ing Interference light beams of different phases from the 
plurality of splitted light beams, light receiving elements 
for detecting respective ones of the interference light 



beams of different phases, a control system for effecting 
the positioning of the amn on the basis of the result of 
the detection by each of the light receiving elements, 
and signal writing-in means for writing a signal into a 
hard disc through the recording reading head each time 
the arm is positioned. 
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